Introduction

46
In the development of time of flight (TOF) positron emission tomography (PET) detectors, understanding and optimizing scintillator light collection, energy resolution 48 and time resolution is critical for achieving high performance. Monte Carlo simulations 49 play an important role in guiding research in detector designs, as it can vary many design 50 parameters much more easily. The Geant4 [1] based simulation platform GATE [2] , 51 which provides a user-friendly, scripted interface, has come into widespread use in the 52 field of nulcear medicine for simulating PET devices.
53
The widely used LYSO:Ce crystal has high density (7.40 g·cm −3 ), high light 54 output (26,000 photons/MeV), good energy resolution (15%) and short decay time (40 55 ns) [3] , [4] , which makes it a good candidate in the study of TOF-PET prototype. We 56 adapted crystal array which consisted of the LYSO crystal pixels to improve the spatial 57 resolution of our detector modules. From the very biginning, we would like to know the 58 performance of LYSO pixels.
59
The objective of the work is to validate the reliablity of the dedicated module used 
Simulation Model and Method
63
The detector is contained within an world volume, which is consist of LYSO crystal 64 coupled to photomultiplier tube (PMT), which is shown in Fig.1 The PMT response of single photoelectron is a current signal that can be described as 86 a Gaussian pulse [6] : The anode output circuit can be considered as a parallel of a load resistor (R L ) and 91 parasitic capacitor (C). The impulse response of the circuit is:
The single photoelectron anode response (v pe ) was the convolution of the anode 95 current and the output circuit [7] : Here normalized means that the photoelectron distribution is divided by the height of 103 the spectrum. and photo peak are well described by the GATE simulation with different pixel lengths.
137
The low energy part of measured spectrum was truncated due to the CFD setting. Slight 138 discrepancies between the experimental and simulated energy photopeak is observed but 139 these difference are not significant. multi-gaussian fit to the spectrum to find mean value of the single photo-electron peak,
148
which can be regarded as centr-of-gravity. The tail pile-up is observed in Fig. 6(c) . This may at least partially be caused 167 by the undershoots from preceding pulse during acquication. In Fig. 6 
Conclusions and future work
187
We have developed a specified module in GATE simulation software, which has proved 188 to be reliable in fully simulating the optical photon processes in the pixel geometry.
189
This module can also easily be used for block geometry, which is consist with matrix of 190 pixels.
191
For future work, we will incorporate some mathematical models to accelerate 
